Abstract
Introduction

56
Used frying oils (UFO) are produced by frying at temperatures ranging from 160 °C to free with low levels of sulphur, oxygen and toxic PAH compounds. Russell et al. (2012) found 119 that the use of activated carbon produced greater pyrolysis cracking of high density polyethylene 120 (HDPE) that generated a light oil product with a carbon chain length profile comparable to 121 petroleum-based fuels (Russell et al., 2012) . 
Materials and methods
134
Preparation of UFO and microwave absorbers
135
UFO originally derived from palm oil was collected from a fried chicken restaurant in fried chickens at temperature ranging from 170 to 200 °C for five days. It was filtered by 138 Whatman No. 4 filter paper to remove suspended food particles. The filtered oil was collected 139 and stored in glass bottles wrapped with aluminium foil. The glass bottles were filled up 140 completely to prevent oxidation of the oil during storage. The compositions and characteristics 141 of UFO were examined and presented in Table 1 .
142
AC made of coconut husk, PC made of charcoal, and mesoporous aluminosilicate type high purity nitrogen gas for 3 h. The degassed absorber was then exposed to nitrogen gas over a 150 range of pressures at a temperature of 77 K, and the volume of N2 adsorbed and desorbed
151
(cm 3 /g) on the absorber 's surface at the relative pressure ranging from 0 to 1 were recorded to 152 plot the N 2 adsorption and desorption isotherms. GmbH). Oxygen was used in the combustion process, whereas helium was used as a carrier gas.
198
The oxygen content was obtained by the mass difference and the results were presented in 199 weight percentage.
200
The chemical compositions of bio-oil were determined using a 6890 GC-MS instrument 
224
PC exhibits a Type IV isotherm containing a hysteresis loop (Fig. 2(b) ). 
Elemental composition
236
The AC and PC comprised mainly of carbon (67-71 wt.%; Table 2 ), which indicates that 2008). Then, the heat generated can be used to heat neighboring substances to achieve a desired 246 high temperature at a fast heating rate. This suggests that AC and PC can be used as an effective 247 microwave absorbent to heat targeted material to achieve high temperature in order for pyrolysis 248 cracking to occur.
The low carbon content of MCM-41 (5 wt.%; 
Pore size distribution
257
The pore size distribution of the microwave absorbent was examined to give information 
266
The average pore diameter of AC is 1.5 nm (Table 2) , which is in the micropores range (Table   270 2). The results show that AC has a microporous structure that could provide many absorption 
Product yield
306
Pyrolysis products consisting of biofuel, pyrolysis gases and char residue were obtained, 307 and the yield of these products over the range of process temperatures considered is presented in observed after 1 h of reaction time; so the experiments were terminated.
311
At 350 °C, the solid mass remained in the reactor showed the highest yield (77-96 wt.%),
312
yet it was found to be a mixture of unpyrolysed UFO and char residue. This could be attributed 313 to the incomplete pyrolysis occurred at this temperature where some UFO were not thermally 314 cracked to produce pyrolysis products. A higher temperature than 350 °C is thus required in were dominated by biofuel (up to 73 wt.%) and smaller amounts pyrolysis gas (up to 35 wt.%).
317
The reduction in the yield of biofuel at 500 °C and above can be explained by the secondary 318 cracking and carbonization of the UFO (or the evolved pyrolysis-volatiles) to produce higher 319 amounts of non-condensable pyrolysis gases and char residues, which can be observed from 320 increased yield of both the pyrolysis gases and char residue. At 500 °C and above, the yield of 321 pyrolysis gases was found to increase with the increase of temperature.
322
It was observed that use of AC and PC as the reaction bed showed a nearly similar Table 3 .
333
Data are not presented for the biofuel obtained at 350 °C and below, as although some pyrolysis 334 conversion occurred and a small amount of biofuel was generated, it was decided to not collect 335 the biofuel for analysis due to concern over the usefulness of the data obtained at these process 336 temperatures where either incomplete or no pyrolysis conversion had occurred, and also the 337 limitation involved in which the amount of the biofuel collected was insufficient to be analyzed 338 by the various chemical analyses.
Elemental composition and calorific value 340
Carbon (71-81 wt.%) and hydrogen (11-14 wt.%) represented the main elements present 341 in the biofuel, whereas oxygen (≤ 15 wt.%) and nitrogen (≤ 9 wt.%) were detected in low 342 concentrations, and sulphur was not detected in the biofuel (Table 3 ). The amount of oxygen in 343 the biofuel obtained using AC bed was lower compared to that obtained by the PC bed and 344 zeolite bed, but in contrast it showed the highest carbon and hydrogen content ( Table 3 ). The 
Hydrocarbon composition
357
The biofuel produced using AC bed comprised of C 10 -C 20 aliphatic hydrocarbons (76-89 358 %), small amounts of ketones (1-6 %) and aldehydes (4-6 %). At a pyrolysis temperature of 400 
368
It was likely that the triglycerides and fatty acids originally present the UFO (Table 1) 369 have undergone pyrolysis cracking via a free-radical mechanism to produce hydrocarbon radicals in the UFO to produce smaller hydrocarbon chains.
376
The bio-oil obtained using PC bed consisted of mainly C 11 -C 20 hydrocarbons (73-88 %)
377
and small amounts of carboxylic acids (5-10 %). In particular, the carboxylic acid content was and pyrolysis products using the following formula: obtained at other process temperatures (see Fig. 4 , Section 3.2.2).
415
The use of AC bed showed the highest energy recovery (88-90%) followed by the use of loss from the reactor and the condensation system that occurred during the pyrolysis process.
422
Pyrolysis at 500 °C using AC and PC as the reaction bed showed the highest energy recovery of 423 pyrolysis products (≥ 83%), whereas the use of MCM-41 bed showed the highest energy 424 recovery at 550 °C (59%). 
432
This section expands some of the developmental work that can be performed to scale up the 433 pyrolysis approach, and it is hoped that the work would serve as the groundwork for the 434 development of a commercially-viable process.
435
It is proposed that most of the components in the scaled-up prototype should remain the 
460
The other main components in the scaled-up prototype can remain mostly the same as envisaged that a similar design could be used in the scaled-up prototype for the recovery of 471 biofuel products. Efforts should also be made to increase the amount of energy that can be 472 recovered from the system. This can be achieved through the use of microwave-transparent heat insulating fibre material to fully insulate the reactor and associated fittings in order to recover 474 energy loss from the prototype reactor, and the use of heat integration systems to recover energy 475 during the cooling of the products in the condensation system.
476
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